Sugarcane (Saccharum officinarum L.) is known to have microbial organisms associated with its rhizosphere which have potential antagonistic activity against other microorganisms. However numerous studies on rhizosphere microbial diversity have concentrated on other field crops such as rice and wheat. Little attention has been given to sugarcane. The objectives of this study were to enumerate fungi and bacteria in the rhizosphere of sugarcane variety CO 421 and identify the fungi and bacteria within rhizosphere of sugarcane variety CO 421 in Kibos, Kenya Agricultural and Livestock Research Organization -Sugar Research Institute in Kisumu, Kenya. The sugarcane Variety CO 421 was selected for this study because it is widely adapted and grown in all sugarcane growing areas of Kenya. Rhizosphere soil samples were collected randomly from ten fields of the sugarcane variety using a soil auger and trowel into sterile polythene bags. Colonies were isolated from the soil samples in three replicates, following serial dilution and plating techniques on potato dextrose agar for fungi and nutrient agar medium for bacteria. The microbes were identified under a phase contrast microscope, based on their morphological, biochemical characters, taxonomic guides and standard procedures. Data was collected on colony forming units, colony and cell morphological characteristics. Data on microbial count were subjected to analysis of variance. Field means were separated and compared using Fishers Least Significance Difference at p=0.05. Sixteen pure fungal isolates were tentatively identified and four isolates unidentified. Trichoderma was predominant , followed by Aspergillus and then Rhizopus, Penicillium and Alternaria. Twelve pure bacterial isolates were tentatively identified as gram negative bacteria. Pseudomonas was predominant, followed by Bacillus and Azobacter. The study indicated an average population of 1.30×10 7 cfu/g and 4.88×10 4 cfu/g bacteria and fungi respectively in the rhizosphere soil samples.
Sugarcane (Saccharum officinarum L.) is known to have microbial organisms associated with its rhizosphere which have potential antagonistic activity against other microorganisms. However numerous studies on rhizosphere microbial diversity have concentrated on other field crops such as rice and wheat. Little attention has been given to sugarcane. The objectives of this study were to enumerate fungi and bacteria in the rhizosphere of sugarcane variety CO 421 and identify the fungi and bacteria within rhizosphere of sugarcane variety CO 421 in Kibos, Kenya Agricultural and Livestock Research Organization -Sugar Research Institute in Kisumu, Kenya. The sugarcane Variety CO 421 was selected for this study because it is widely adapted and grown in all sugarcane growing areas of Kenya. Rhizosphere soil samples were collected randomly from ten fields of the sugarcane variety using a soil auger and trowel into sterile polythene bags. Colonies were isolated from the soil samples in three replicates, following serial dilution and plating techniques on potato dextrose agar for fungi and nutrient agar medium for bacteria. The microbes were identified under a phase contrast microscope, based on their morphological, biochemical characters, taxonomic guides and standard procedures. Data was collected on colony forming units, colony and cell morphological characteristics. Data on microbial count were subjected to analysis of variance. Field means were separated and compared using Fishers Least Significance Difference at p=0.05. Sixteen pure fungal isolates were tentatively identified and four isolates unidentified. Trichoderma was predominant , followed by Aspergillus and then Rhizopus, Penicillium and Alternaria. Twelve pure bacterial isolates were tentatively identified as gram negative bacteria. Pseudomonas was predominant, followed by Bacillus and Azobacter. The study indicated an average population of 1.30×10 7 cfu/g and 4.88×10 4 cfu/g bacteria and fungi respectively in the rhizosphere soil samples. [16] found that Aspergillus, Penicillium, Rhizopus, Curvularia and Fusarium were abundant on the rhizosphere mycoflora of sugarcane. Similar studies under similar conditions on soil bacteria and fungi have not been reported in Kenya. Dua and Sidhu [17] ; Sood, et al. [18] studied tea rhizosphere of Indian Himalayan regions for bacterial dominance and antagonism which indicated Bacillus bacteria of up to 45% occurrence and Pseudomonas of up to 85% occurrence to dominate the rhizosphere of established and abandoned tea bushes, respectively. In a study by Angel, et al. [7] ; Food and Agriculture Organization of the United Nations FAO [19] on isolation of siderosphore producing bacteria from rhizosphere soil and their antagonistic activity against selected fungal pathogens in Porur rhizosphere of tomatoes and paddy rice revealed the presence of eleven bacterial isolates which included, Fluorescent pseudomonas, Bacillus, Azobacter and non-fluorescent pseudomonas species. Gaddeya, et al. [14] ; Nekade [20] isolated forty three bacterial isolates from sugarcane rhizosphere. Genera Bacillus was found to be the most dominant followed by Pseudomonas. Similar studies on sugarcane rhizosphere microorganisms in Kenya have not been reported. Cappuccino and Sherma [11] ; Tamilarasi, et al. [21] in their study of diversity of root associated microorganisms of selected medicinal plants and influence of the rhizomicroorganisms on the antimicrobial property of Coriandrum savitum in India indicated that bacterial population was higher in the entire root zone of the plants followed by fungal and actinomycetes population. Similarly the number of microorganisms was higher in the rhizosphere soil than in the non-rhizosphere soil with greater rhizosphere effect seen in bacteria than fungi and actinomycetes. Rhizospheric microorganisms play important roles in many processes of crop production [22] .
From a study by [7, 17] on effectiveness of rhizosphere bacteria for control of root rot disease and improving plant growth of wheat (Triticum aestivum), antagonistic rhizosphere microbes which inhibit the growth of pathogenic microorganisms have been found to colonize the plant's rhizosphere. A study by Afzal, et al. [2] ; Deshmukh, et al. [16] in India isolated the largest number of fungi from the rhizosphere soil of sugarcane. The Sugarcane varieties promoted fungal development in the vicinity of the root zone. Numerous studies on rhizosphere microbial diversity and their antagonistic activity against fungal plant pathogens have focused on other crops such as rice [23] tomatoes [24] and wheat [7] . Similar studies involving the rhizospheric microorganisms are lacking for sugarcane in Kenya.The main objective of this study was to determine the population and morphologically identify microorganisms in the rhizosphere of sugarcane (Saccharum officinarum L.) variety CO 421 plants from Kibos area in Kisumu County (Kenya). It was hypothesized that there were high populations of fungi, bacteria and morphologically diverse fungal and bacterial isolates in the rhizosphere of sugarcane variety CO 421. CO 421 is an imported sugarcane variety from India (Coimbatore). It has pale green stalks of medium thickness. CO 421 is a high cane and sugar yielding variety. CO 421 is of commercial importance in Western Kenya [25] .
MATERIALS AND METHODS

Field Site Characteristics
The study was carried out at Kenya Agricultural and Livestock Research Organization -Sugar Research Institute (KALRO -SRI) headquarters, Kibos area, Kisumu in Kenya (Figure 1) 
Soil Physical And Chemical Characteristics
The soils have been characterized by high clay content (over 60%), pH range of 5 -6, high water holding capacity of 213mm/m, organic content of 0.5 -0.75% and negligible permeability (KALRO -SRI AgroMetrological Department).
Sampling
Sugarcane rhizosphere soil samples were collected from 10 different experimental fields with long term sugarcane cropping history ( [26] ; [27] ; [25] . Soil samples were collected from five randomly chosen plants per plot at the center and the four corners along 5-25cm depth within the rhizosphere after removing top 5cm litter layer using an auger and trowel. Soil sample Collection was along the roots and the soil particles closely adhering to the roots ware transferred to sterile polythene bags with the help of a brush as described in [11, 21] . Non rhizosphere soil was also sampled corresponding to each rhizosphere soil sample with the help of a sterilized cork borer pushed horizontally to the ground same depth as in rhizosphere after removing 5cm litter layer using aseptic procedures ten centimeters away from the sugarcane root. The soil samples were emptied into sterilized polythene bags to act as control [3] . The soil samples were appropriately labeled then transported in a cool box to the plant pathology laboratory at Kibos (KALRO-SRI Headquarters) for processing. 
Preparation of the Soil Samples
The five soil samples randomly collected from each field were bulked to form one composite sample by mixing thoroughly; air dried for two hours at room temperature then sieved using a 2ml mesh sieve to remove plant debris.
Ten grams subsample of soil from each of the ten composite samples was used for isolation of soil microorganisms.
Ten grams of non-rhizosphere soil subsample (control) was also obtained and prepared in a similar manner from each field and all the prepared samples were stored at 4 o C until further analysis [15] ; [28] .
Determination of the Population of Fungi and Bacteria in the Sugarcane Rhizosphere Variety CO 421.
Isolation of microorganisms from the soil samples were conducted in the plant pathology laboratory at Kibos (KALRO-SRI headquarters) Kisumu, following soil dilution and plating techniques as described by Makut and Gaddeya, et al. [14] on different selective media and enumerated to estimate microbial population per gram of the original soil sample before sub culturing to obtain pure cultures.
Media Preparation
The following media were prepared according to manufacturer's instructions, sterilized and poured in sterilized petri dishes. (ii) Nutrient agar (NA) was prepared by suspending 28g in one litre of distilled water, heated to boil to dissolve the media completely and sterilized by autoclaving at 121 o c for 15 minutes (OXOID Ltd.Basing stoke, Hampshire) according to Gowsalya, et al. [22] ; Kumar, et al. [30] and Abdulkadir and Waliyu [1] ; Ellis, et al. [32] .
The media were well mixed before dispensing. One percent tetracycline solution was added to the PDA medium that is just above setting temperature before pouring into Petri plates to prevent bacterial growth. Fifteen milliliters of each media was transferred into sterilized disposable petri dishes, 90mm in diameter and allowed to cool under aseptic conditions in the laminar flow chamber before being used. The media were used since PDA was selective for fungi and NA for bacteria and their simple formulation. PDA medium is the most commonly used media as it is the best for mycelia growth and has a potential to support a wide range of fungal growth [29] .
Isolation and Enumeration Procedure
Ten grams of soil sample was suspended in 90 ml of double distilled water to make a total of 100 ml suspension. The suspension was stirred and poured into a sterile 250 ml Erlenmeyer flask and shaken thoroughly for thirty minutes to a homogeneous solution. One ml of the suspension was pipetted aseptically and dispensed into dilution test tubes with 9 ml of sterilized distilled water to make microbial suspensions (10 -1 to 10 -5) . Dilutions of 10 -2 , 10 -3 and 10 -4 were used to isolate fungi and bacteria in order to avoid crowding of colonies. One ml aliquot of microbial suspension of each concentration was added to sterile petri dishes containing solidified 15-20ml of sterile potato dextrose agar. Three plates were provided for each dilution (Triplicate). One percent tetracycline solution was added to the medium that is just above setting temperature before pouring into Petri plates to prevent bacterial growth. The plates were rotated by hand in a broad and slow swirling motion to disperse the soil suspension. The
Petri dishes were covered, sealed with para film, turned upside down and incubated at 25 ± 2 0 C in the dark for daily Where CFU is Colony Forming Units; Num. is the number of microbes/ml calculated in(a) above; Vol. 2 is the volume of the original sample; and mass is mass of the solid material added to the original suspension according to
Reynolds [33] .
The quantitative rhizosphere effect of the plants was calculated using the formula; R/S = Number of microorganisms per gram of rhizosphere soil ………… Eqn -3
Number of microorganisms per gram of non rhizosphere soil
According to Sule and Oyeyiola [34] , Nannipieri, et al. [35] Where R/S is the rhizosphere effect.
Purification of Fungal and Bacterial Isolates
Morphologically different fungal colonies were selected from the petri dishes for pure culturing. Purification was done by cutting the mycelia tips with a sterile inoculating needle, transferring to a new PDA medium (sub culturing) repeatedly to obtain a pure culture [29] ; [35] ; [16] .
Distinct individual bacterial colonies were selected from the plates and purified by streaking repeatedly on new nutrient agar plates (re-inoculation) with the aid of a sterile wire loop until all colonies were identical [30] ; [20] ; [36] ; [37] . The pure cultures were maintained in PDA slants and plates in a refrigerator at 4 O C for identification and antimicrobial tests.
The percentage frequency of occurrence of each isolate was calculated using the formula;
A/B x 100……………….. Eqn -4 according to Makut and Owolewa [29] ; Ong'ala, et al. [38] .
Where A is the number of sites in which the species was observed and B is total number of sites. 
Morphological Identification of Fungi and Bacteria in the Sugarcane
Lacto Phenol Cotton Blue Staining Procedure
A drop of the stain was placed on clean slide with the aid of a sterile mounting needle, a small portion of the mycelium from the fungal cultures was removed and placed in the drop of lacto phenol stain. The specimen was teased carefully using inoculating wire loops to avoid squashing and over-crowding of the mycelium and with the aid of the needle, a cover slip was gently applied with little pressure to eliminate air bubbles. The slide was mounted and observed with x10 and x40 objective lenses respectively under a phase contrast microscope, model: Carl zeiss.
Identity was confirmed with the help of literature [37] ; [41] ; [42] ; [43] .
Bacteria
Identification was done microscopically by observing colony features (Surface, shape, pigmentation, margin, elevation and opacity) for characteristics that may be unique to it hence preliminary identification [31] and cell features (shape, arrangement and gram reactivity according to Kimberly and Elsa [27] ; Nihorimbere, et al. [36] and Cappuccino and Sherma [11] ; Nzioki, et al. [37] with reference to Bergey's manual of determinative bacteriology identification flow chart for identity confirmation.
Gram Staining Procedure
Heat fixed bacterial smear on a slide was flooded with crystal violet stain for one minute, then washed off with tap water. Gram iodine was applied for one minute and washed off with tap water. 95% alcohol was added drop by drop until it ran almost clear then washed off with tap water and counterstained with safranin and allowed 30 seconds staining then washed off with tap water, drained and blotted to dry. The slide was then examined under an oil immersion microscope for purple (G+) or pink (G-) color according to Gowsalya, et al. [22] ; Kumar, et al. [30] .
DATA ANALYSIS
Statistical analysis of data was conducted using SAS 9.1 package to determine the effect of rhizophere on microbial population. Field means separation was accomplished by Turkey LSD and significance level tested at P= 0.05.
RESULTS
Population of Fungi and Bacteria in the Rhizosphere of Sugarcane Variety CO 421
Fungal Count
There was a significant difference at P=0.05 between the populations of fungi in different fields (Table 1. 2).
Field ten had the highest population of fungi (6.75×10 4 cfu/g) significantly different from all other fields except field 3 and field six had the least population (3.42×10 4 cfu/g) significantly different from fields 2, 3, 5, 6, 7, 9 and 10.
Fungal count in cfu/g of the rhizosphere and non rhizosphere soil samples of sugarcane collected and enumerated from mixed culture colonies between the month January and March 2014 showed a that rhizosphere had a higher mean value of 4.89×10 4 cfu/g of soil ranging from 3.48×10 4 to 6.48×10 4 cfu/g compared to 3.14×10 4 cfu/g of non rhizosphere ranging from 2.25×10 4 to 5.97×10 4 cfu/g making variation in population between the two regions evident. The mean rhizosphere effect was 1.7 indicating that the population in the rhizosphere was twice more than the non rhizosphere.
Bacterial Count
There was a significant difference between the populations of bacteria in different fields (Table 1. 2). Field one had significantly different population of bacteria (2.18×10 7 cfu/g) from all the other fields. Field 2 had the least population of 7.92×10 6 cfu/g significantly different from fields 1, 5, 7 and 9. Bacterial count in cfu /g of the rhizosphere and non rhizosphere soil samples of sugarcane collected and enumerated from mixed culture colonies indicated that rhizosphere had a higher mean value of 1.265×10 7 cfu/g of soil ranging from 8.82×10 6 cfu/g to 2.18×10 7 compared to 6.23×10 6 cfu/g of non rhizosphere ranging from 4.05×10 4 to 9.57×10 6 cfu/g of soil. The mean rhizosphere effect was 2.2 indicating that the population in the rhizosphere was twice more than the non rhizosphere. The population of bacteria in the CO 421 sugarcane variety rhizosphere was much higher than the population of fungi. Bacteria had a higher mean population of 1.27×10 7 cfu/g compared to fungi's of 4.89×10 4 cfu/g. +  +  10  91  10  +  +  --+  -+  +  ---05  55  11  --+  -+  +  -+  +  +  -06  45  12  ---+  +  -+  --+  -04  36 Key:+ Present -Absent 
Morphological Identification of Fungi and
Fungal Identification
Sixteen pure fungal isolates tentatively identified as AJF1-AJF 16 with varied morphological characteristics at day seven on PDA medium and the image of mycelia tip as observed under a phase contrast microscope magnification ×400 were described based on colony diameter, shape, margin, elevation, top and bottom colour, surface mycelia, hyphae and conidiophores shape (Tables 1.5 and 1.6).The morphologically described fungal isolates were identified in reference to Ellis, et al. [32] ; Rajasankar and Ramalingam [41] ; Alexopoulos, et al. [3] ; Rocha, et al. [42] and Reynolds [43] ; Williams [44] . Five of the isolates were identified to species level (AJF 4, 7, 8, 11
and 16) and seven isolates to genus level (AJF 1, 2, 3, 6, 10 and 13) and four isolates unidentified (AJF 9, 12, 41 and 15). Trichoderma was predominant with five isolates (AJF 3, 6, 7, 8 and 10) followed by Aspergillus four isolates (AJF 4, 11, 12 and 16) then Rhizopus (AJF 2), Penicillium (AJF 1) and Alternaria (AJF 13) one isolate each. 
Bacterial Identification
Twelve pure bacterial isolates were tentatively identified as AJB1 -AJB 12 with varied colony and cell morphological characteristics on NA medium. The isolates were morphologically described based on colony shape, elevation, margin, surface, opacity and colour followed by Cell shape, arrangement and gram reactivity as observed under a phase contrast microscope magnification×1000 (Table 1.7). All the isolates were gram negative except isolate AJB 3 and AJB12. The morphologically described isolates were identified in reference to Bergey's manual of determinative bacteriology identification flow chart. Six of the isolates identified to genus level (AJB 3, 4, 5, 6, 7 and 12) and six isolates unidentified (AJB 1, 2, 8, 9, 10 and 11). Pseudomonas was predominant with three isolates (AJB 4, 5 and 6) followed by Bacillus two isolates (AJB 3 and 12) and Azobacter (AJB 7) one isolate. The findings from this study indicate that both fungi and bacteria were present in the rhizosphere of sugarcane
in agreement with what has been reported by many researchers [18] ; [34] confirming its ability to host numerous and diverse microbes than bulk soil.
The population of the microflora was higher in the rhizosphere than non rhizosphere in all the locations, in agreement with previous studies by Kelechi and Chiaka [26] ; Tailor and Joshi [45] and Afzal, et al. [2] ;
Deshmukh, et al. [16] on rhizosphere of sugarcane varieties CO 86032 and CO 0265. The disparity in the rhizosphere and bulk soil microbial population could be due to sugarcane plant roots releasing exudates containing different organic and inorganic compounds that stimulated development of active microbial population in the soil [3] . The nature and concentration of these organic constituents and the corresponding ability of the microorganisms to utilize them as sources of energy may contribute to the disparity in population of the two regions [14] .
Bacterial population was more than that of fungi in all the fields which is in agreement to the findings by Cappuccino and Sherma [11] ; Tamilarasi, et al. [21] where bacteria recorded higher population of 2.8×10 6 cfu/g of soil than fungi 1.0×10 4 cfu/g of rhizosphere soil on selected medicinal plants and the findings of Athul, et al. [9] ;
Tamilarasi, et al. [21] on rhizosphere soils of vanilla crop that recorded 4.1×10 5 cfu/g for bacteria to 3.45×10 3 cfu/g for fungi. These numbers were lower than the population in this study (bacteria: 1.265×10 7 cfu/g and fungi:
4.89×10 4 cfu/g) of sugarcane rhizosphere soil, probably due to disparity in soil type, plant species, root type and microbial interactions. Similar results have been reported by Athul, et al. [9] ; Bello and Utang [10] .The high bacteria population may be attributed to greater rhizosphere effect on bacteria than fungi.
The significant differences in microbial population between the ten fields from which rhizosphere soil was obtained in this study could have been due to variations in sugarcane plant age in the fields and pH of the soils.
Microbial activity increases with plant age and declines towards maturity probably due to the plants secreting exudates in reduced quality and quantity that may contain antimicrobial metabolites [29] .
